Environmental concerns on mining activities started near the end of the 20 th century and is still underway.
INTRODUCTION
In 1987, sustainable development has first been defined by the World Commission on Environment Development (WCED) in the so-called Burntland report as a development that "meets the needs of the present without compromising the ability of the future generation to meet their own needs". The concept requires the integration of economic, environmental and social considerations into all decision makings, fostering intra-generational equity through the alleviation of poverty by concentrating the benefits of development in lesser developed areas and considering the needs of the future generation to ensure that intergenerated equity exists. A prerequisite of sustainable development must to be ensures uncontaminated streams, rivers, lakes and oceans. There is growing awareness on the environmental legacy of mining activities which have been undertaken with little concern for the environment. The price paid for human's everyday use of minerals has sometimes been very high. Mining by its nature can consume, divert and seriously pollute water resources. Changes in laws, technologies and attitudes have begun to address some of the most immediate threats posed by mineral development, but there are still many areas of mining practices and regulations that need to be addressed. Despite undesirable outcomes in the past, the mine design process continues to focus on technical mining and financial considerations with environmental and social objectives considered later in the design sequence, unfortunately more often in the form of impact mitigation (Odell and Scoble, 2005) . Two great revolutions in mining occurred during the 20 th century. The first took place almost 100 years ago (1903) (1904) (1905) with Daniel Jackling's experiment in the economies of scale for large-scale mining at Bingham Canyon. Jackling's idea changed the focus of base metal exploration toward lower-grade, high-tonnage deposits. The second revolution was the impact of environmental and social concerns on mining. It started at the end of the 20 th century and is still underway (Hitzman, 2005) .
One of the objectives of a mining operation is to maximize the net present value (NPV) of the project (Wheeler and Rodrigues, 2002 and Ding et al., 2007) . Open pit mine designs which maximize the NPV without the environmental consideration during planning are not really an optimum design. Actually, such designs are mutually exclusive with the objectives of sustainable development. Fortunately, sustainable development principles are being increasingly applied by mining companies in developed and developing countries. Mining systems need to be reengineered, based on a new paradigm that mining is a business whose success fundamentally depends on waste management. Environmental protection has the highest priority in modern mining. Common concerns in a mining operation associated with the environment may include land and surficial materials pollution on the mine site and groundwater contamination in the vicinity by the waste materials and tailings. Some of these materials may be acid generating and they have to be managed properly to protect the environment. Environmental aspects of pre-defined mining projects are mostly identified by Environmental Impact Assessment (EIA). In international terms, surface mining operations, particularly those entailing reservoir and tailings dams, are considered as the activities with the highest possible environmental risk, demanding the most detailed and rigorous EIA (Rashidinejad, 2004) .
Mining design and planning is a very complex engineering subject and requires engineering knowledge and a good understanding of various scientific disciplines. One of the most important issues is the cut-off grade which is simply a grade used to assign a destination label to a parcel of material (Hustrulid and Kuchta, 1995) . This parameter, which is the criterion normally used in mining to discriminate between ore and waste materials in the body of a deposit, extensively affects the size and the life of deposits (Camus, 2002) . All mineral deposits are made up of mixtures of ore and waste rock (Zhang, 1998) . Waste materials may either be left in place or sent to waste dump. Ore is sent to the treatment plant for further processing and eventual sale. For a single mineral deposit, lower cut-off grade causes higher amounts of ore to be processed and subsequently higher tailings and lower amounts of waste materials to be dumped resulted in fluctuations in the cash flow of a mining project (Osanloo and Ataei, 2003) . Operating costs per unit of operation is recognized to be one of the most important sustainable mining practice indicators and cut-off grade is considered to be a well-founded representative of this indicator (James, 1999) . There is a balance between the cut-off grade and environmental strategies. In practice, achieving the balance is the real challenge. The fact that the calculation of optimum cut-off grades can neither be determined nor measured precisely with a single parameter further complicates the problem (Rashidinejad et al., 2007) .
MATERIALS AND METHODS
One of the open pit mining problems is that this type of surface mining has become more mechanized and therefore able to handle more rock and ore material than ever before. Consequently, mine waste has been enormously multiplied. As mine technologies are developed to make it more profitable to mine low-grade ore, even more waste will be generated in the future. This trend requires the mining industry to adopt and consistently apply practices that minimize the environmental impacts of this waste production. These mining wastes must be properly managed (Rashidinejad and Raouf Sheibani, 2004) . Waste management practices can take place as the following options with declining superiority (Parsons and Hume, 1997):
Waste avoidance, i.e. practices that prevent the production of waste; Waste reduction, i.e. practices that reduce waste; Waste re-use, i.e. direct re-use of waste materials; Waste recycling or reclamation, i.e. using components of waste in other processes; Waste treatment, i.e. to reduce hazard, usually at the site of generation; Waste disposal. Mining companies use the last three options extensively. Other industries, notably the chemical industry, have made use of the first three options by modifying or changing processes. The problem with application of the first three options to mining wastes is that in the current mining paradigm, as ore grade become lower resulted in extra wastes to be produced. The paradigm has been proposed that "mining companies are waste management companies" and sustainable development principles being increasingly applied by these companies. Strategies are available
